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PREFACE 

This manual provider ^se'rs of "M'll'o'def 980A arfd-'^SOB^^oWpflteft'S with irifomaation about the 
input/out|MJt<>/i(ij^©^vbus.-a«d:>I/,QM'bMS^^e^ ■contains information for the 

personnel vniio inst^ laiwiignairatain this hardware; 



The description of the I/O bus includes interfaces, signals, and transfer of data. The functioning of 
% .f'^P^^P/>^S*'^^^'^<^fe,|^y^iFl characteasties.of.the I/X). h«&.aEe gJ,sQhiM-fi»ei>ie.dJUidiKMiiial 

satU9Jil^sftYE.jyiCfe§t^Mia4»l^piM^ of tsho lyo lius 

5y#t§jn 

An entire section is devoted tojjxe auxiliary processor port on the Model 980 Computer chassis. 

Related pufelicati^ttS';' including maintena?nceJmaniial:yolumes..and-assembty; laagaage programming 
manuals,, a^ as |p%w^: 
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SECTION I 
GENERAL DESCRIPTION 

1.1 INTRODUCTION 

Input/output operations in the Texas Instruments Model 980 Computer are handled by an 
input/output (I/O) bus system. The fundamental element of this system is a 16-bit in, 16-bit out, 
parallel bus which is used to transfer single data words between the Centra] Processing Unit 
(CPU) and low- and medium-speed peripheral devices. 

Signal lines are provided for transmission of data to or from the computer, control of data 
transfer, timing, and indication of hardware interrupt status. The I/O expander provides signal 
fanout and fanin capabilities required to permit several device controllers to share the I/O bus 
The I/O expander may be located either within the 980 computer chassis or in a separate 
external chassis. Data and status transfers are initiated by two software instructions, one to read 
data and one to write data. 

A separate section discusses the software instructions and the theory of operation of the 
auxiliary processor port in the 980 computer. 

The functional diagram in figure 1-1 shows the relation of the I/O bus to the rest of the 
computer. 
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Figure l-I. Model 980 Computer System Functional Diagram 
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1.2 I/O BUS CONFIGURATIONS 

In order to complete the I/O interface between the CPU and peripheral hardware devices, any of 
three configurations may be used: 

• Basic I/O Bus. Handles up to four devices. Five I/O ports on the computer chassis 
accommodate the I/O interlace printed circuit card and up to four I/O device 
controller printed circuit cards. 

• Internal expansion. Handles up to 13 devices. An optional expansion back panel in the 
980 computer chassis accommodates additional printed circuit cards. I/O expander 
cards are required in addition to the interface and controller cards to provide I/O bus 
expansion. 

• External expansion. Handles up to 256 devices. Expansion is accomplished in an I/O 
expansion chassis separate from the 980 computer chassis. Multiple expansion chassis 
are used if a large number of devices interface with the CPU. 

1.3 INTERFACE DESCRIPTION 

The computer communicates with the device controllers through 16 output lines (data or 
address), 16 input data lines, and a number of control and status Unes. These lines may be 
expanded for communication with a number of controllers. 

A simpUfied block diagram of the expanded interface between the 980 CPU I/O port and device 
controllers is shown in figure 1-2. If an expander is not included, the computer 1/0 interface 
module is required only for reading I/O interrupt line status. 

1.3.1 SIGNALS. The functions of the data, control and status signals are summarized in 
table 1 -I. 

13 2 I/O DATA TRANSFERS. All data and status transfers between the computer and the 
device controllers connected to the I/O port are initiated by the 980 via two software 
instructions: Write Direct Single (WDS) and Read Direct Single (RDS). The WDS instruction is 
used to perform a 16-bit write to the addressed external device, and the RDS instruction 
performs a 16-bit read from the addressed external device. In each case, there is one instruction 
for each 1 6-bit data transfer. 

1 3 3 INSTRUCTION FORMAT. Both WDS and RDS are two-word instructions within the 980 
computer. A data word containing a character and/or control information is associated with each 
WDS or RDS instruction. When one of these instructions is executed, the first word is apphed to 
the I/O data bus. During the second word, the 980 either sends a 16-bit data or command word 
to the device controller, or accepts a data or status word. 

The WDS and RDS instructions are discussed in more detail in Section III. 

1 3 4 DATA TRANSFER CYCLES. To start a data transfer cycle, the first word of the RDS or 
WDS instruction from the CPU is enabled to the output (write) data bus. A strobe pulse (GO) is 
generated which indicates to the external device, specified by the ER field of the instruction, 
that a valid GO word (same as the first word of the instruction) is on the output data bus. The 
external device examines bit 10 of the first word. If this bit is reset (logic 0), the device 
recognizes an RDS instruction; if it is set (logic I), the device recognizes a WDS instruction. 
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Figure 1-2. 980 I/O System, Simplified Interface Diagram 



If an RDS instruction is recognized, the device controller loads the data or status word on the 
input (read) data lines (as directed by the command portion of the GO word). The device 
controller then sends a READY pulse to the CPU. The CPU acknowledges the read data transfer 
by sending a TERM pulse back to the originating controller. 

If a WDS instruction is recognized, the device acknowledges the GO word by sending back a 
READY pulse. The CPU then loads a data or command word on the output data lines and sends 
a TERM pulse to the device controller. 
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Table 1-1. 980 I/O Bus System Interface Signals 



Interface Signal 

Output Data Bus 

Input Data Bus 

Ready 

Go 

Term 

Clock 

Reset 

Interrupt 



Function 

Data signals, written from the computer into the data 
buffer of an output device controller. 

Data signals, read into the computer from the data 
buffer of an input device controller. 

Signal indicating that a device is ready for a data 
transfer to or from the computer. 

Signal indicating that an instruction is present on the 
output data lines. 

Signal indicating termination of the transfer of a 
single word of data. 

Signal used to control the timing of operations related 
to data transfer. 

Signal that resets all controllers so that none of them 
have access to the computer for data transfer imme- 
diately after the reset. 

Signal indicating that a controller has requested an 
interrupt and is waiting to gain the attention of the 
CPU or has the attention of the CPU. 



1.4 PHYSICAL CHARACTERISTICS OF BASIC I/O BUS CONFIGURATION 

The basic 980 I/O bus consists of five I/O ports numbered lOO through 104 (figure 1-3). The 
printed circuit cards fit into slots in the chassis so that the cards plug into the port connectors 
properly. Normally, the I/O interface card (TI part no. 960757-0001) is placed in slot lOO and 
I/O controller cards are placed in slots 101 through 104. Interrupt multiplexing for ports 101 
through 104 is accomplished on the I/O interface card located in slot TOO. 

Interrupts from I/O ports 101 through 104 are wired to lOO where these interrupts are ORed on 
the I/O interface card. From the I/O interface card, the interrupts are supplied to the CPU as a 
single interrupt (figure 1-4). 

The I/O interface card logic can be read with an RDS instruction to determine the port number 
of the device controller which generated the interrupt. 

The 980 computer card slots in the basic I/O bus configuration with the I/O interface card in 
slot lOO is illustrated in figure 1-3. 

Detailed information about the available I/O controller cards manufactured by Texas Instruments 
is included in the user's manuals for the associated peripheral devices. 
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Figure 1-3. Printed Circuit Card Ports, 980 Computer Chassis 



1.5 EXPANSION 

Bus and group expansion are discussed in the following paragraphs. 

1,5.1 BUS EXPANSION. Since there are 4 groups of 64 possible external register numbers 
available to address the I/O controllers, up to 256 (4 X 64) I/O devices may be connected to the 
Model 980 through t^ie I/O structure. Input/output expansion is accomplished internal to the 
Model 980 mainframe by use of an optional internal I/O expansion kit (TI part no. 
960703-0001), or externally by use of a separate I/O expander chassis kit (TI part nos. 
966796-0001 through 966796-0004) that is designed for installation in a standard equipment 
rack. Two additional cards (I/O expander 1 and 2 cards) are utilized when the I/O bus is 
expanded. Figure 1-5 illustrates the I/O interface card, I/O expansion cable, and the two I/O 
expander cards. 

These three cards provide I/O bus and control signal buffering, group decoding, and interrupt 
ORing of all individual ports for the expansion back panel. They also provide register address 
and group decoding for reading of all the interrupt lines in the expansion I/O slots using the 
RDS instruction to determine the slot number of the interrupting device. 
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Figure 1-4. I/O Interrapts to CPU 



1.5.1.1 Internal Expansion. When expansion is accomplished internally, I/O expander 1 and I/O 
expander 2 are installed in the optional expansion back panel (TI part no. 960744-0004) of the 
Model 980 (see figure 1-6). A cable (TI part no. 217059-0002) from the I/O interface card is 
connected to I/O expander 1 to complete the expansion signal interface. 

Figure 1-7 shows a block diagram of the interconnect and address setting. Refer to figure 1-8 for 
a functional block diagram of how the I/O bus internal expansion is implemented. 

The optional expansion back panel contains 12 ports which can be wired to accommodate any 
combination of I/O, DMAC, and API devices. 
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Figure 1-7. Internal I/O Expansion 



The standard configuration of the optional internal I/O expansion kit (TI part no. 960703-0001) 
is wired to permit 9 of the 12 ports to be used for I/O devices. Two of the remaining ports 
(EXl and EX2) are required for I/O expanders 1 and 2, respectively. The remaining one port 
(REG) is reserved for the optional ±15 volt regulator card (TI part no. 226855-0001) which is 
required if device controller interface cards requiring ±15 volts will be used in the internal 
expansion. 

The addition of the nine optional I/O ports provides a total of 13 I/O ports available for 
external device interfaces within the Model 980 Computer mainframe. 

1.5.1.2 External Expansion. When expansion is accomplished outside the Model 980 mainframe, 
I/O expander 1 and I/O expander 2 are installed in the separate I/O expander chassis. A cable 
(TI part no. 217059-XXXX) from the I/O interface board to I/O expander 1 completes the 
expansion signal interface (figure 1-9). The four X's in the part number indicate that it may be 
any of several different dash numbers. Refer to table 1-2 for a list of available cables. 

The I/O expander chassis has 10 ports for device interface boards and two ports, EXPl and 
EXP2, for the I/O expander 1 and 2 cards. 
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Table 1-2. Pai-t Numbers for Cable Assembly, CPU to 
I/O Bus Expander 



Part No. 

2 ! 7059-0002 
217059-0006 
217059-00] 2 
217059-0020 



Length 

2 ft 

6 ft 
12 ft 
20 ft 



lilioPf^nnT'''iu ""^^f' ^^ '°"'^' '" ^°"' "^"'^^'^ ^TI part nos. 966796-0001 through 
966796-0004). The configurations are as follows: 



TI Part Number 

966796-0001 
966796-0002 
966796-0003 
966796-0004 



AC Power 

115 V 
115 V 
230 V 
230 V 



+5 V 

Yes 

Yes 

Yes 

Yes 



±15 V 
Yes 

No 
Yes 

No 



Figure 1-10 shows the configuration for a single external I/O expansion with no internal 
expansion. 



CABLE 



r 



I/O INTERFACE 
CARD 



NORMALLY 
ADDRESS 1 3 
AND GROUP O 



1 



l.O EXPANDER 
t CARD 



NORMALLY 
GROUP 



IA> EXPANDER 
2 CARD 



NORMALLY 
ADDRESS 5C 



SLOT 100 

COMPUTER 

CHASSIS 



;A)I32038 



SLOT EXP1 SLOT EXP2 

EXTERNAL EXPANSION CHASSIS 



Figure l-IO. Single External I/O Expansion Configuration With No Internal Expansi 
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1.5.1.3 Multiple Expansion. For large I/O systems, more than one expansion chassis may be 
required. Up to four additional I/O interface cards may be installed in the basic I/O ports. Each 
I/O interface card is cabled to another expansion chassis. Also, the I/O interface card may be 
installed in any of the I/O ports in an expansion chassis to pro^dde greater expansion capability. 

Figure I -II shows a configuration of one internal and four external expansion units and their 
normal addresses and group codes. Figure 1-12 shows expansion from an external expansion 
chassis. Note that the group code must be the same whether or not interrupts are being used. 

1.5.2 GROUP EXPANSION. There are four possible groups of peripheral devices identified by 
the contents of bits 5 and 6 of the first word of the WDS and RDS instructions. By assigning 
them different group numbers, four I/O controllers with the same external address number may 
be operated separately. Groups are assigned by hardwiring one of the four combinations of bits 5 



UP TO FIVE 

EXPANSIONS 

FROM STANDARD 

I/O SLOTS 




1 






FIVE 

\/o 

EXPANDER 
I CARDS 



r 



FIVE 

I/O 

EXPANDER 

2 CARDS 



COMPUTER CHASSIS 
SL.C S too TO I04 



J 



EXPANSION CHASSIS 

ONE INTERNAI. EXPANSION AND UP TO FOUR 
EXTERNAL. EXPANSION CHASSIS 





NORMAL ADDRESS AND GROUP ASSIGNMENTS 




I/O 


INTERFACE CARD 


I/O 
EXPANDER 1 
CARD GROUP 


I/O 

EXPANDER 2 
CARD ADDRESS 


1/6 

EXPANSION 
CHASSIS 


SLOT NO . 


ADDRESS 


GROUP 


100 


13 








13 


INTERNAL 


lot 


5C 








5C 


EXTERNAL 1 


10 2 


5D 








50 


EXTERNAL 2 


103 


SE 








5E 


EXTERNAL 3 


104 


SF 








SF 


EXTERNAL 4 



Figure I -11. Multiple I/O Expansion 
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A00RE5S 
XY AND 
GROUP Z 



SLOT 101 

THROUGH lOd 

COMPUTER 

CHASSIS 



I>« EXPANDCR 
1 CARD 



ADDRESS 
R5 AND 
GROUP Z 



EXTERNAL EXPANSION CHASSIS I 
(PRIMARY LEVEL) 



1 






\/0 EXPANDER 
I CARD 

GROUP 2 

(SEE NOTE) 




I/O EXPANOEH 
2 CARD 

ADDRESS 
RS 








"^^''?s*h:§SS*8?'egv'i!tt"" ' 



CROUP NO. OP lA} EXPANDER t CARD IN EXTERNAL EXPANSION 
CHASSIS Z MUST BE THE SAME AS IX) EXPANDER I CARD IN 
EXTERNAL EXPANSION CHASSIS 1 FOR CHASSIS Z TO OPERATE, 
EVEN WITHOUT INTERRUPTS. 

ADDRESS XY AND RS AND GROUP ADDRESS Z 

MAY BE STANDARD OR NONSTANDARD ASSIGNMENTS. 



Figure 1-12. MultUevel I/O Expansion 



and 6 on the I/O expander I card. Logic circuits decode the contents of bits 5 and 6. As a result 
of the decoding, GO, TERM and READY control signals are either gated to or inhibited from 
the other expansion ports on that back panel. The combination of 4 groups and 64 possible 
register addresses yields a total of 256 (4 X 64) port addresses with group expansion. Group 
decoding is also performed on the 1/0 interface card so that its register address can be reused 
with di'ft'erent groups. This is done because the I/O interface card is normally plugged into one 
of the five connector ports designated IOC through 105, in which no group decoding is 
performed. 

On the Model 980A only, there is no group decoding done on the Privileged Instruction registers 
and 1 ; therefore, these registers may not be used in any other group expansion for a read 
(RDS) input. On the Model 980B, group decoding is done on the Privileged Instruction registers 
and 1. Privileged Instruction registers and 1 are located on the memory controller card. 

When expansion is performed from a primary expansion chassis, the secondary expansion chassis 
must have the same group number as the primary chassis. This is required because of the gating 
or inhibiting of the control signals GO, TERM and READY by the I/O expander 1 card in the 
primary chassis. Refer to figure 1-13 for an example of two-level external expansion. 

NOTE 

Most I/O expander 1 cards are delivered with group decode 
strapped to VCC: therefore, their control signals GO, TERM and 
READY are always enabled for any group. 
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t/O INTERFACE 
CARD 



ADDRESS 

SC AND 

SROUP I 



I/O EXPANDER 
2 CARD 



ADDRESS 
SC 



\/0 INTERFACE 
CARD 



ADDRESS 

SD AND 
GROUP 1 



SUOT 102 
COMPUTER CHASSIS 



SLOT EXP1 



ANY OTHER 
SUDT 



EXTEHNAl. EXPANSION CHASSIS I 
(PRIMARY LEVEL) 



SLOT EXP I 



EXTERNAL EXPANSION CHASSIS 2 
(SECONDARY LEVEL) 



Mn-TF* exTFRNAL EXPANSION CHASSIS Z MUST HAVE 
NOTE. EXTERNAL IggAgsJo _ ^g EXTERNAL EXPANSION 

CHASSIS 1 



(A)t3204l 



Figure 1-13. Example of Two-Level I/O Expansion 



the interrupts for the basic I/O bus 



1.6 INTERRUPTS AND INTERRUPT EXPANSION 

The following paragraphs discuss the functions of 
configuration and the expanded bus configurations. 

1 6 1 COMPUTER CHASSIS INTERRUPTS. There is a single interrupt hne for each I/O port 
on "the 980 computer chassis. The interrupt lines for ports 101 through 104 are wired through 
?he computer back panel to the lOO port. These four interrupt lines and the external interrupt 
from the expansion cable are logically ORed on the I/O interface card. (See figure 1-4.) 

When one or more device controllers produce an interrupt through the device interface cards and 
the I/O ports, the I/O interface card is slot lOO produces an interrupt to the computer, which 
then traps to memory location 6 (dedicated for this purpose) if interrupts are enabled. Status 
register bit 7 can be set to 1 to enable I/O bus interrupts. 

After the interrupt trap has occurred, the I/O data bus interrupt service routine causes the I/O 
Siterface card to be read by means of an RDS instruction specifying register 13 (the externa 
register normally designated for reading interrupts). In this way, the programmer can find out 
the port number of the device that caused the interrupt. 

Table 1-3 Usts the interrupt bit locations for ports 101 through I04. Note that more than one 
device may cause an interrupt so that more than one bit may be set. If a device has an interrupt 
pending then its interrupt bit location is set to logical 1. An interrupt bit stays set until the 
LsocSf^d device is serviced, at which time the bit is reset to logical 0. The I/O mterface card 
can be read repeatedly without resetting any of the interrupt location bits. 
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Table 1-3. Device Interrupt Bit Locations for 
Computer Chassis I/O Ports 

Interrupt 
^^"^ Bit Location 



TOO 
101 
102 
103 
104 



Bit I 
Bit 2 
Bit 3 
Bit 4 



lit\ '^'^^^^UPT EXPANSION. Interrupt expansion, a function provided by the I/O expan 

10 devte "iheTo intff ''""T^H^fA^""^ °' ^"^^""^^ ^^^^-' reading ti'Lu^ofrach 
i/u device, ihe I/O interface card and I/O expander 2 card, in response to RDS instrupfi^^c 

SSVoT"'* "*"" '° '^ '^^^' °"*° ^^^ '"^"^ '^'^ ''^ ^° ''^ ir^llhe ?Put a f6°b?^^ 

There is an interrupt line for each port in the I/O expansion back panel Tliese lines are ORed 
on the I/O expander 2 card. The resultant signal is sent to the I/O expander T card Sen over 
the expansion cable to the I/O interface card, which produces an I/^S^ bus inter; Jfoth. 
computer. Figure M shows the ORing and signal routing of the ?nterrupis ^ '^' 

After the computer has trapped to the I/O bus interrupt, the programmer can interroeate th^ T/o 
interface card to determine the source of the interrupt. If the crputeTsy"teTf^ 

Sr'adte^ssTn^he'n^rrafrr" 7'^^''^ '' ^'^^ register^o"ta7r:LT th^'in" ^upl 
Tm ?n hitfi fh I^ r/T^ configuration), he gets the interrupt status of ports 101 throuSi 
04 in bits 1 through 4. If the internal I/O expander cards are also set on group OresSern 
OU^i^,'' i'f°" '°/ '""r ''"''^' *^ ^"^^^"Pt status of interna expaSn porT 06 o 
^Ir fl ^ f '" '"'^ '""'^ ^" ^''' ^ ^h^°"Sh 14 of the interrupt status word In fhTs way the 
source of the interrupt may be identified. Table M gives the device intemmt'htt 1^.1. ? 
the internal expansion chassis I/O ports. If the system'has externa, a S as^nte n rex^^^^^^ 
the configuration is similar to the one shown in figure 1-14. miernai expansion, 

As an example of how the interrupting device is identified, suppose a device in external 
expansion chassis slot 109 interrupted. After reading register 13 (hexatoalTto determine The 
source of the interrupt, the programmer would find oufthat bit 1 was seT TWs tel s Wm tt«t 
the device m slot 101 interrupted, but because there is an I/O intrLe card n that It h. 
reads re^ster 5C (hexadecimal), group on the external expand cards wtha^RDsttrttio 
He woud see that bit 9 is set, indicating that the controller card in slo 9 I tL Lurce o X 
interrupt. Table 1-5 shows the device interrupt bit locations for external expansion ports 

Note that the I/O interface card in slot 101 is also set to redster Sr <Trr„m n tu^ .. 

and group as its expander cards. Even though no infoJm^tZ^^" be VeTLm U bTcTr^its 

slot location, it does not use up another address. occause ot its 



Digital Systems Division 




960694-9701 



Interrupt 
Bit Location 


None 


Bit 6 


Bit 7 


Bits 


Bit 9 


Bit 10 


Bit 11 


Bit 12 


Bit 13 


Bit 14 



Table 1-4. Device Interrupt Bit Locations for 
Internal Expansion Chassis I/O Ports 



Port 

REG 

I06 

107 

108 

109 

lOlO 

1011 

1012 

1013 

1014 

EX2 

EXl 



NOTE 

The "Skip on Ready" option is not to be used with the RDS 
instruction which reads the interrupt expander. 

1.7 EXTERNAL REGISTER ASSIGNMENTS 

Each I/O controller has one or more external register numbers assigned which may be selected 
using switches or jumpers, A list of standard external register number assignments for controllers 
operated through the I/O structure is provided in figure 1-15 and table 1-6. Users may change the 
external register assignments for special applications. 

NOTE 

The standard group number assignment for all I/O controllers is 0. 
Group numbers and register numbers can be changed on the 
individual cards, by jumper wires on some and by pencil switches 
on others. 
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\/0 INTERFACE 
CARD 



ADDRESS 

1 3 AND 
GROUP 



CABUE 



I/O EXPANDER 
1 CARD 



GROUP 



I/O EXPANDER 
2 CARD 



ADDRESS 
13 



SLOT 100 
COMPUTER CHASSIS 



SLOT EXPl 



SLOT EXP2 SLOTS 106-10 14 

INTERNAL EXPANSION CHASSIS 



CABLE 



IA> INTERFACE 
CARD 



ADDRESS 

5C AND 
GROUP 



SLOT 101 
COMPUTER CHASSIS 



(A)132042 



IA> EXPANDER 
1 CARD 



GROUP 



I/O EXPANDER 
2 CARD 



ADDRESS 
5C 



SLOT EXPl SLOT EXP2 SLOTS I0S-I0I4 

EXTERNAL EXPANSION CHASSIS t 



Figure 1-14. Internal and External I/O Expansion 



1.8 EQUIPMENT SPECIFICATIONS 

The characters of the 980 computer input/output bus are listed in table 1-7. 

Pullups on the I/O interface card keep the False interrupt signals high when controllers are not 
in the basic I/O ports. -Pullups for all other open collector outputs are located in the CPU. 

Standard pin numbers for 980 computer 80-pin back panel connectors are illustrated in figure 1-16. 

All signals at the I/O bus interface are compatible with Texas Instruments Series 54/74 
transistor-transistor logic (TTL) circuits. The logic (low) level is 0.0 to +0.4 volts dc. The logic 
1 (high) level is +2.4 to +5.0 volts dc. 
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Table 1-5. Device Interrupt Bit Locations for External 
Expansion Chassis I/O Port 



Port 

105 
106 
107 
108 
109 
lOlO 

ion 

1012 
1013 
1014 
EX2 
EXl 



Interrupt 
Bit Location 


Bits 


Bit 6 


Bit 7 


Bits 


Bit 9 


Bit 10 


Bit 11 


Bit 12 


Bit 13 


Bit 14 
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Table 1-6. Standard 980 External Register/Function Details 



Register 
Number 
(Bits 9-15) 


Device 


00 


PIF - Privileged Instruction Feature* 


01 


PIF - Privileged Instruction Feature* 


02 


TTYl - ASR33, Silent 700 or CRT 
(primary) old interface 
part no. 217394 


03 


TTY2 - (Secondary) old interface 
part no. 217394 


04 


Interval Timer 


05 


Communication Module (primary ad< 



33 ASR, 733 ASR/KSR or CRT 
New Interface part no. 966637 

06 Communication Module (secondary addr.) 

07 Customer use 

08 Customer use 

OA TTYl - ASR-33, Silent 700 or CRT 

(primary) old interface part no. 217394 

OB TTY2 - Secondary (old interface 

part no. 217394) 
OC Customer use 

OD Communication Module (secondary addr.) 

OE Communication Module (secondary addr.) 

10 PTR - Paper Tape Reader 

11 PTP - Paper Tape Punch 

13 INT - Interrupt expander address for 
internal expander; interrupt expander 
is relative to board location 

14 Customer use 

15 Customer use 

16 Customer use 

18 PTR - Paper Tape Reader 

PTP - Paper Tape Punch 
*The Model 980A Computer does no group decode on 



Function 

Out - Set lower memory boundary 
Out - Set upper memory boundary 
In - Read data 

Out - Write data 

In - Read data 
Out - Read data 

In - Input data and status 

Out - Output data and commands 

In - Input data and status 

Out - Output data and commands 



In - Read status 
Out - Write command 

In - Read status 
Out - Write command 

In - Input data and status 

Out - Output data and commands 

In - Input data and status 

Out - Output data and commands 

In - Read status 
Out - Write command 

In - Read status 
Out - Write command 

In - Read interrupt 



In - Read data 
Out - Write data 
PIF register. 
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5D 



5E 



5F 



Table 1-6. Standard 980 External Register/Function Details (Continued) 



Function 

Disconnect function 

Disconnect function 

In - Read status and data 
Out - Write command 

In - Read status 

Out - Write data and command 



Register 




Number 




(Bits 9-15) 


Device 


lA 


TTYl ■ ASR33, 700 or CRT (primary 




old interface part no. 217394 


IB 


TTY2 - (secondary) old interface 




part no. 217394 


IF 


CDR - Card Reader 


40 


CDP - Card Punch 


41 


Customer use 


42 


Customer use 


44^6 


ADA - Analog to Digital Converter or 




Digital to Analog Converter 


4C-4E 




50 


LLP - Low Speed Line Printer 


54 


Vectored interrupt (I/O 1 and 2) 


55 


Vectored interrupt (I/O 1 and 2) 


56 


Vectored interrupt (I/O 1 and 2) 


57 


Vectored interrupt (I/O 3 and 4) 


58 


Vectored interrupt (I/O 3 and 4) 


59 


Vectored interrupt (I/O 3 and 4) 


5C 


Interrupt expander address for 



(T) - Test only 



external expansion chassis 1 

Interrupt expander address fsor 
external expansion chassis 2 

Interrupt expander address for 
external expansion chassis 3 

Interrupt expander address for 
external expansion chassis 4 



Data Module (See ADA User's 
Manual) 



Data Module (See Line Printer 
User's Manual) 

Set mask 

Clear mask 

Set interrupt (T) 

Set mask 

Clear mask 

Set interrupt (T) 

In - Read interrupts 

In - Read interrupts 

In ■ Read interrupts 

In - Read interrupts 
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Table 1-7. Model 980 I/O Characteristics 
Characteristic 



I/O Instructions (2) 

Word Length 

Data Transfer 

Data Lines (32) 

Control Lines 

Transfer Rate 

I/O Bus Interrupt 

I/O Bus Interrupt Expansion 

I/O Ports: 

Basic CPU 

CPU with Internal Expansion 

CPU with External Expansion 



Specification 



Read (1) and Write (1) 

16 Bits 

ParaUel 

16 in and out 

10 lines 

130,000 words per second, maximum 

1 interrupt 

1 interrupt bit per I/O controller 

4 maximum 
13 maximum 
256 maximum 



BACKPUANE 




TOP VIEW 



CONNECTOR 



i 



FRONT OF CPU 



(A)l 30467 



Figure 1-16. Input/Output Port Connector Pin Number 
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SECTION II 
INSTALLATION 



2.1 GENERAL 

The I/O bus system is based on three hardware configurations, referred to as standard, internal 
expansion or external expansion. A particular site may have any one or all of these 
configurations. 

2.2 STANDARD I/O PORTS 

Installation of the standard configuration requires no hardware in addition to the I/O interface 
card (TI part no. 960757-0001) provided with the basic CPU. This interface card is placed in 
port lOO and provides the signal interface for the standard I/O ports plus the first-level 
expansion (internal or external). This module is inserted with the component side facing the 
front of the computer. The module must be jumpered to select the group and module address. 
The module address is necessary to permit a read operation of the interrupt lines which are 
multiplexed at the I/O interface card. Refer to figure 2-1 and table 4-1 to establish the necessary 
jumper connections. Solder jumpers with 22 to 26 gauge, single conductor, insulated wire. 

2.3 INTERNAL EXPANSION PORTS 

An internal I/O expansion requires an optional, factory-wired connector panel installed behind 
the stahdard I/O back panel. This paragraph covers installation of the cables and buffer cards 
within a CPU with this internal expansion hardware already in place. When installing or removing 



/I 



il'illiimi'M'.'ltiJIi'.llli'l:: 



^ 




(A)l 32047 



Figure 2-1. I/O Interface Card 
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a connector panel, refer to the I/O Expansion Kit drawing (TI part no. 960703-0001) provided 
with the hardware. This drawing is also included in the Model 980 Computer Maintenance 
Manual: Input/Output and Input/Output Expansion, Manual No. 960699-9704. 

To configure an internal expansion, set up the address jumpers for the I/O interface card and 
install the module as specified in the section covering standard ports. Install the set of expander 
cards (I/O expander 1 card and I/O expander 2 card) as shown in figure 1-6. Connect the I/O 
expansion cable, TI part no. 217059-0002 as illustrated. 

Expander 1 card jumpers determine the group of the internal expansion. Install jumpers of 22 to 
26 gauge, insulated, single conductor wire and solder into place. The location of jumpers is 
determined from table 4-2 (the jumper schedule for the I/O expander 1 card) and figure 2-2. The 
group address selected generally is identical to the group address of the I/O interface card 
associated with this expansion. The I/O expander 1 card is installed in the last port of the 
internal expansion chassis labeled EXl. The Expander 2 card inserts into the adjacent slot 
marked EX2. 

The I/O expander 2 card specifies the register address used to interrogate the interrupt lines and 
access the expanded slots. Install jumpers as described above. Refer to the illustration of the I/O 
expander 2 card (figure 2-3) and table 4-3 to determine the jumper locations. Again, this address 
is usually the same as the address specified on the associated I/O interface card. 




(A)t32048 



Figure 2-2. I/O Expander 1 Card 
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Figure 2-3. I/O Expander 2 Card 



2.4 EXTERNAL EXPANSION PORTS 

An external expansion includes a chassis, an I/O bus expansion cable, two I/O expander cards, 
and a wired connector panel for 10 I/O bus ports. The chassis assembly includes a power supply. 
This procedure details the interconnections required to install an external expansion. 

• External Chassis — The external chassis is installed on the rear rails of the cabinet. 
Note that the air will not circulate properly over the equipment when installed on the 
front rails and will cause equipment damage. Place the external chassis so that the 
cards can be removed from the back of the cabinet and with the power supply located 
on the left side (as one faces the assembly). 

• Cable assemblies are of various lengths as specified in table 1-2. Select a location for 
the chassis which can be reached by the cable provided. 

• I/O expander 1 and 2 cards should be jumpered as described in the internal expansion 
ports description (paragraph 4.4). Install the cards as shown in figure 1-9 (I/O 
expander 1 card in slot EXl and I/O expander 2 card in slot EX2, both with the 
component side facing away from the power supply). Note that generally the group 
and register addresses on the I/O expander 1 and 2 cards are the same as the associated 
I/O interface card. The associated I/O interface card is located in slot lOO unless 
multiple expansion is employed. For multiple expansions, the I/O interface card may 
be located in a standard, external or internal port. 
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SECTION III 
OPERATING INSTRUCTIONS 



T 4 PFNERAL 

This section presents both hardware and software operating instructions for the 980 I/O bus and 
expansion system. The information is presented in two parts: information about the I/O 
expander chassis, and software instructions needed to operate and control the basic I/O bus and 
the expanded I/O bus. 

3.2 EXTERNAL I/O EXPANDER CHASSIS 

The external I/O expander chassis contains no controls or indicators. However, it has a power 
cord for connection to either 115 volts or 230 volts line power, as required chassis ac mput 
power is fused. 

3.3 SOFTWARE INSTRUCTIONS . „ . u . ft,.,ar. 
Operation of the Model 980 Computer input/output bus structure is controlled by two software 
instructions, the Read Direct Single (RDS) and Write Direct Single (WDS) instructions. They are 
described briefly in the following paragraphs. For more detailed information about these 
instructions, refer to the following software program development manuals: 

• Model 980 Computer Assembly Language Programmer's Reference Manual. Manual No. 
943013-9701. 

• Model 980 Computer Assembly Language Input/Output, Manual No. 961961-9734. 

3 3 1 READ DIRECT SINGLE INSTRUCTION. The RDS instruction consists of two 16-bit 
words (WDl and WD2) as illustrated in figure 3-1. The first word of the RDS instruction (WDl) 
is appUed to the output bus and an output strobe (GO) is generated which mdicates to the 
external device that is addressed by the ER field that its data must enter the input bus. This 
data is retained on the input bus until a release pulse (TERM) is generated by the Model 980. 

The destination of the input data is controlled by the second word of the instruction (WD2). 
The format of the read direct instruction is illustrated in figure 3-1 and the control functions are 
described in separate subparagraphs which follow. The instruction fields are summanzed in 
table 3-1 . 
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9 10 11 IS 
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WORD 2 
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Figure 3-1. RDS/WDS Instruction Format 
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Table 3-1. WDS/RDS Instruction Field Breakdown 

Wnrd/Bit(s) _ , ^. 

Explanation 

1/0-4, 1, 8 Op-code bits. 

^^^' ^ G™"P bits, used to define 1 of 4 groups. Each group can be 

used to specify up to 64 external devices. The group and external 
register fields combine to specify the external device involved 
in the WDS/RDS instruction. Typically, the group bits are zero 
unless the expansion of data bus ports exceeds 64. 

^''^' ^ ^'^^ External register bits, used to specify 1 of 64 devices in the 

selected group, 

^^^° Read/write bit, used to specify either a RDS or WDS instruction. 

A logic zero specifies a RDS instruction; a logic one specifies 

a WDS instruction. 
2/0-7,9,11 Not used. 

^^^ Busy bit, an optional field (B) used with external devices that 

may not be ready to transfer data when queried by the computer. 
If this bit is a logic one and successful data transfer takes place 
the instruction following the WDS/RDS instruction is skipped. ' 
If this bit is a logic one and no data transfer takes place, the in- 
struction foUowing the WDS/RDS instruction is executed. If .... 
bit is a logic zero, the device transfers data unconditionally and "" 
the instruction foUowing the WDS/RDS instruction is executed. 
^^^° Increment (I) field, used in conjunction with the A field (bit 12 

of word 2) to increment or decrement the contents of the register 
specified by the R field (bits 13 of 15 of word 2). If both the 
I and A fields are logic ones, the address contained in the register 
specified by the R field is incremented by one each time a data 
word is transferred. If the A field is a logic one, but the I field is 
a logic zero, the address contained in the register specified by the 
R is decremented by one each time a data word is transferred. 
^^^ ^ Decrement (D) field, included for compatibility with earlier 

models of the computer. It performs no function in the 980. 
Address (A) mode field, used to specify indirect addressing. If the 
A field IS a logic zero, data is transferred to or from the register 
specified by the R field. If the A field is a logic one, data is 
transferred to or from the memory location specified by the 
contents of register R. 

^^^^'^^ ^'8i^ter (R) field, used to specify 1 of 8 internal registers in the 

computer. The specified register holds the data or the address 
of data involved in the transfer. 
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SECTION IV 
PRINCIPLES OF OPERATION 



4.1 INTRODUCTION 

This section describes the principles of operation of the Model 980 Computer input/output bus 
system and its associated electronic circuits. It includes a theoretical description of the I/O 
instructions, the I/O interface card and the I/O expander cards. A functional diagram of the I/O 
bus is illustrated in figure 4-1 . 

Refer to the Model 980 Computer Maintenance Manual: Input/Output and Input/Output 
Expansion. Manual No. 960699-9704, for detailed logic diagrams, assembly drawings, parts lists, 
and load, pin and wire lists related to the I/O bus and I/O expansion. 

4.2 ARITHMETIC UNIT CONTROL , , . ^ 
The Arithmetic Unit (AU) in the Model 980 Computer contains control and data path logic for 
the I/O bus. When an RDS or WDS instruction is acquired, the AU ROM controller gates the 
first word of the instruction on the I/O output data lines for 750 nanoseconds or three clock 
periods (250 nanoseconds). During the second clock period a GO signal is applied to the I/O bus 
which signifies that the I/O controllers should decode the external register Unes to determine 
which controller or function is being addressed by the I/O instruction. The RDS and WDS timing 
is illustrated in figures 4-2 and 4-3, respectively. 

The top two waveforms in figures 4-2 and 4-3 include the RDS/WDS word 1 and GO signal 
timing If the "SKIP ON READY" option is used (RDS/WDS word 2, bit 8 equal to 1), the I/O 
controller should supply a READY signal to the AU within 750 nanoseconds as shown m 
figures 4-2 and 4-3. If the controller is ready or the command is issued without testing busy, 
then the AU produces a TERM signal to indicate acceptance of input data for the RDS 
instruction (figure 4-2) or to indicate that output data is available to the I/O controller for a 
WDS instruction (figure 4-3). 

4.3 INPUT/OUTPUT INTERFACE 

The I/O interface card which normally occupies card slot lOO in the Model 980 mainframe 
provides a means to expand the I/O bus to other back panels. The I/O interface card also 
contains the logic necessary to OR the interrupt lines from the I/O ports in the Model 980 basic 
mainframe to form one I/O interrupt line to the CPU. Jumper wires enable the user to select the 
address to read the I/O interrupts. 

In the normal configuration, the I/O interface card may be used in ports lOl through I04 for 
further expansion of the external expansion chassis. The card decodes the group number to allow 
the maximum use of the available device addresses. The card also functions as a buffer of both 
input and output signals from and to the expansion back panel. 

A detailed diagram of the I/O interface logic is illustrated in the Model 980 Computer 
Maintenance Manual: Input/Output and Input/Output Expansion. 
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4.0MHZ CLOCK 



SYSTEM OLOCK- 

([OCLK-) ~~~^ 



RDS WORD 1 
(IOUTO-15) 




TERM- 
(TERMIO-) 



*READ DATA- 
(DPO-IS-) 



(A)t30472A 



■ NOTES . 1 



3. 



WHEN USING THE "SKIP ON READY OPTION .READ DATA SHOULD BE COINCIDENT 

WITH THE READY SK5NAL. 

IF "skip ON ready" OPTION IS NOT USED READ DATA TIM INS SHOWN SHOULD 

BE USED. ^ tj 

WHEN USING THE 'sKIP ON READY OPTION AND THE I/O DEVICE DOES NOT GO 

READY.NO TERM WILL BE ISSUED AND THE READ DATA WILL BE IGNORED BY THE 



Figure 4-2. RDS Instruction Word Timing Diagram 



Two types of symbols should be noted. When a connector pin symbol (-*) is shown, the 
connector is labeled PI or P2. This label is followed by a dash and the pin number. The PI 
designation indicates the connector is a bottom connector and P2 designates a top connector 
which can complete the connection to a cable with the proper cable connector. 

The jumper pad symbol (-o) indicates a pad that is provided to permit jumper wires to be 
inserted for address selection. Normally, the pad identifier (El 9 for example) as shown is also 
reproduced on the component side of the printed circuit board. Refer to table 4-1 for the 
jumper address schedule. 
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Figure 4-3. WDS Instruction Word Timing Diagram 



Example : 

As an example of jumper connections using table 4-1, the connections for address 13, group 
are: 

E-2 to E-24 
E^ to E-23 
E-5 to E-22 
E-7 to E-21 
E-10 to E-20 
E-13 to E-19 
E-15 to E-27 
E-17 to E-26 
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Table 4-1. Jumper Schedule for I/O Interface Card 



Instruction Word 1 Bits 



Group 
Address Bits 



E-18 E-16 
E-17 E-15 
E-26 E-27 



External Register Address Bits 
9 11 12 13 14 15 



E-14 E-10 E-8 
E-13 E-9 E-7 
E-19 E-20 E-21 



E-6 E4 
E-5 E-3 

E-22 E-23 



E-2 



E-1 



E-24 



Explanation 



Jumpered when address bit true 

Jumpered when address bit false 

A jumper must start at each of 
these terminators and select 
either true or false sense for 
each of these address bits. 



4.4 INPUT/OUTPUT EXPANSION 

The I/O expander 1 and 2 cards are used with the I/O interface card to expand the Model 980 
I/O bus. The electrical schematics of the I/O expander cards are illustrated in the Model 9S0 
Computer Maintenance Manual: Input/Output and Input/Output Expansion. The expander cards 
provide buffered I/O bus signals to additional I/O back panels at the same logic level and pins as 
the mainframe I/O bus ports. 

The I/O expander 1 card also provides group decoding for the expansion back panel. The result 
of the decode either gates or inhibits the GO, TERM and READY control signals to or from the 
expansion back panel. Table 4-2 gives the jumper schedule for the expander 1 card. 

Example: 

As an example of jumper connections using the table 4-2, the connections for group are: 

E-1 to E-8 
E-3 to E-9 

E-5 to E-7 

The I/O expander 2 card provides register decoding for expansion interrupt inputs. It also 
contains the logic for interrupt ORing. Table 4-3 gives jumper schedule for the expander 2 card. 

Example: 

As an example of jumper connections using table 4-3, the connections for register address 13 
are: 

E-1 to E-4 
E-9 to E-8 
E-1 2 to E-3 
E-13 to E-5 
E-16 to E-6 
E-18 to E-7 
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5 


6 


7 


ri-6 


E-2 


E4 


E-5 


E-1 


E-3 


E-10* 


E-11* 


E-12* 



Table 4-2. Jumper Schedule for 1/0 Expander 1 Card 
Group Bit 

Explanation 

Jumpered when address bit true 

Jumpered when address bit false 

Jumpered when address bit is not decoded (always 
selected) 

E-7 E-8 E-9 A jumper must start at each of these terminals 

and select either true or false sense, for each of 
these address bits if multiple groups are utilized. 

'Normally, card is delivered with decode always enabled (VCC). 

Table 4-3. Jumper Schedule for 1/0 Expander 2 Card 
External Register Address Bits 
9 11 12 13 14 15 Explanation 

E-11 E-9 E-17 E-15 E-13 E-1 Jumpered when address bit true 

E-12 E-10 E-18 E-16 E-14 E-2 Jumper when address bit false 

E-3 E-8 E-7 E-6 E-5 E4 A jumper must start at each of these terminals 

and select true or false sense for each of these 
address bits. 

Standard register addresses for I/O expansion are as follows: 



Register 


I/O Expansion 


Address 


Chassis 


13 


Internal 


5C 


External 1 


5D 


External 2 


5E 


External 3 


5F 


External 4 



The register address is the hexadecimal equivalent of the binary value in bits 9 
through 15 of the RDS/WDS instruction (first word). Bit 10 is always 0. 
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The cable between the I/O interface card and the I/O expander 1 card permits the transfer of 
signals to and from the I/O interface to access the basic I/O bus. Signals are transferred from the 
top edge connector of the I/O interface card to I/O expander 1 . Except for SYSCLK-, these 
signals are transferred through twisted pairs of wires that are series-terminated with 82 ohms at 
the transmission end. 

The SYSCLK- line is parallel-terminated at the receiving end with 390 ohms to Vcc and ground. 
Provisions are included at the I/O interface to disable the 16 data input lines (DPO-15) when an 
expansion cable is not connected to the top edge connector of the card. All output signals to the 
expansion back panel from I/O expanders 1 and 2 are driven by 74H40TTL networks. 

4.5 I/O EXPANDER SIGNAL DESCRIPTIONS AND LOGIC 

A simplified functional block diagram of the I/O expander is shown in figure 4-4. The I/O 
expander consists of the output data bus, the input data bus, interrupt lines, a clock, and control 
signals. 

4.5.1 OUTPUT DATA BUS. The output data bus (WD(00-15)-) is a 16-bit data bus from the 
I/O interface card. This bus is connected to a HAND driver gate, and the driven signal bus 
(B(00-15)) may be fanned out to a maximum of 16 device controllers. (The maximum number 
of devices in the standard chassis configuration is 1 devices.) 

4.5.2 INPUT DATA BUS. The input data bus (DP(00-15)-) is a 16-bit data bus from the 16 
(maximum number) device controllers. The signals are fanned in to a single receiver on the I/O 
interface card. The fanin is accomplished in the expander back panel. In addition, an output 
signal from the control logic, INT EXST, is run into a NAND gate with the interrupt lines to 
produce an output that is tied into the data lines, DP(00-1 5)-. A NAND gate driver is included in 
the input data bus. 

4.5.3 INTERRUPT LINES. Interrupt lines, one from each of the 16 device controllers, are run 
into inverters. This inverted output is used for two purposes. In one case, it is one of the inputs 
into a NAND gate whose output is the input data bus, the other input being the INT EXST 
control signal. In the other case, the inverted outputs are wire-ORed on an open collector 
inverter-driven bus to produce a single Hne, GPINT, to the I/O interface card. This signal 
indicates to the I/O interface module that one or more device controllers is signaling an interrupt 
to the CPU. 

4.5.4 CLOCK. The Clock signal (XCXA from the I/O interface module and XCK- to the device 
controllers) is a one-third duty cycle clock in the False sense. The clock frequency is 4 MHz. 

4.5.5 CONTROL SIGNALS AND LOGIC. The control signals include the GO, TERM, and 
RESET signals from the CPU and the READY signal to the CPU. These signals control the 
transfer of data between the CPU and the device controllers. 

The RESET signal is sent to the device controllers through control and driver logic. The GO, 
TERM and RESET signals from the I/O interface module are input to control logic circuitry to 
produce a single signal, INT EXST, that is used to control gating of interrupt information onto 
the input data bus. 

4.6 INPUT/OUTPUT SIGNALS 

The Model 980 I/O bus signals are listed in table 4-4. These signals are listed as found in both 
the basic mainframe back panel and the expansion back panel. Pin numbers and descriptive 
remarks are also included. 
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Figure 4-4. I/O Channel Expander, Simplified Block Diagram 
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Table 4-4. Input/Output Signals and Locations 



Signal 



Mainframe 


Expansion 


Pin 


Chassis 


Chassis 


Number 


lOUTO 


BOO 


25 


lOUTI 


BOl 


23 


iour2 


802 


20 


10UT3 


B03 


19 


10UT4 


B04 


11 


I0UT5 


805 


13 


I0UT6 


806 


6 


I0UT7 


B07 


5 


I0UT8 


808 


63 


I0UT9 


B09 


57 


lOUTlO 


810 


59 


lOUTl 1 


Bll 


61 


I0UT12 


812 


27 


I0UT13 


BI3 


29 


I0UT14 


814 


31 


I0UT15 


B15 


33 


DPO- 


DPOO- 


73 


DPI- 


DPOl- 


75 


DP2- 


DPQ2- 


74 


DP3- 


DP03- 


55 


DP4- 


DP04- 


67 


DP5- 


DP05- 


69 


DP6- 


DP06- 


71 


DP7- 


DP07- 


65 


DP8- 


DP08- 


41 


DP9- 


DP09- 


43 


DPIO- 


DPIO- 


45 


DPll- 


DPll- 


39 


DP12- 


DP12- 


9 


DP13- 


DP13- 


15 


DP14- 


DP14- 


17 


DP15- 


DP15- 


7 



Remarks 

The output data bus consists of lOUT (0-15). These 
signals are output as True data and are only valid 
during times indicated by the GOIO- and TERMIO- 
pulses. 



The input data bus to the Model 980 consists of 
DP (0-15)—. The signals are wire-ORed to the input 
data bus and are driven by an open-collector 
regular TTL source. These signals are also gated 
by the I/O device and remain at a logic 1 while 
disabled. True data is transferred to the CPU as a 
logic 0. 



lOCLK- 



XCK- 



21 The lOCLK- signal is the I/O bus clock and is 

supplied in the False sense. 



lOCUK- 



K' 



66.67 
NS 



83.33 
NS 



H 



When the CPU is In the Clock mode, single clocks 
are supplied to the I/O bus as in the CPU. 
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Table 4-4. Input/Output Signals and Locations (Continued) 



Signal 



Mainframe 
Chassis 

GOIO- 



Expansion 
Chassis 

GO- 



Pin 
Number 

47 



TERMIO- 



TERM- 



51 



Remarks 

The GOIO— signal is a 250 ns logic pulse 
that is generated during the first word of an 
RDS or WDS instruction. This GOIO- signal 
indicates the external register number of the 
RDS or WDS instruction is present and stable 
on the lOUT (0-15) lines. 

The TERMIO- signal is a 250 ns logic 
pulse that indicates to an I/O device the 
termination of a single data word transfer. 
The TERMIO- signal, during an RDS 
instruction, acknowledges receipt of the data 
word by the CPU. During a WDS instruction. 
The TERMIO— signal indicates the presence 
of a stable data word on the lOUT (0-15) 
Unes. 



RDYIO- 



READY- 37 



RESET- 



POR- 



49 



lOINT- 



Not Applicable 35 



The RDYIO— signal is a False signal supplied 
by the I/O device to indicate it is ready for 
a data transfer to or from the CPU. It is 
wire-ANDed to the I/O bus and is driven by 
a regular, open-collector, TTL source. A 
module may present RDYIO— if it is 
addressed and GO- (or GOIO-) is detected. 
RDYIO- must be removed when TERM- 
is detected. The RDYIO- signal need not 
be implemented for transfer of data which 
does not require use of SKIP on READY 
option with RDS or WDS instructions. 

The RESET- signal is a False signal that is 
used to reset all I/O controllers when power 
is first applied to the system or when the 
front panel RESET switch is pressed. 

Interrupts are False signals generated by the 
I/O controllers when operated in the interrupt 
mode and ready for data transfer. Once a 
controller interrupts, the controller should 
hold the interrupt condition until serviced. 
After being serviced, the controller must 
disable the related interrupt line until it is 
again ready for data transfer. Interrupt signals 
are driven by a regular open-collector TTL 
source. 
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Table 4-4. Input/Output Signals and Locations (Continued) 



Signal 



Mainframe 
Chassis 



Expansion 
Chassis 



Pin 

Number 



INTl- 
INT2- 
INT3- 
INT4- 


Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 


35 
35 
35 
35 


Not Applicable 


INTIOO- to 
INTI015- 




Not Applicable 
Not Applicable 


+15 
-15 


3 
54 



Not Applicable +30 



Remarks 

The lOINT- sign al is the I/O interrupt that is sent 
to the CPU from the I/O interface card in I/O card 
location port lOO. This 10 INT- is derived from the 
OR of the interrupts from I/O card ports 101 
through 104 and the external interrupt from any 
expansion chassis. 

Signals INTl through INT4 are interrupts from 
ports 101 through 104, respectively. These 
negative logic signals terminate at the lOO port 
at pins 8, 10, 12, and 53, respectively. 

Signals INTIOO- through INTI015- are the 
interrupt signals supplied from I/O controllers when 
operated in an expansion chassis. 

+ 15 and -15 volts dc, respectively. 



29, 30, +30 volts is only found on the optional internal 
31, & 32 back panel at card slot REG. This voltage is 

required only if the ±15 volt optional regular 

card is used. 



VCC 



77,78 



+5 Vdc 
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SECTION V 
AUXILIARY PROCESSOR PORT 



5.1 GENERAL ^ ^.nnx .u . 
The Texas Instruments (TI) Model 980 Computer contains a Auxiliary Processor Port (APP) that 
is designed for use by external controllers which may be located internal or external to the 
computer chassis to perform optional operations under program control. These operations 
include special computer instructions sets, dual processor control, and floating point operations. 
The APP is activated by the Auxiliary Processor Initiate (API) instruction. A user-defined API 
external controller can be plugged into the APP of the Model 980 chassis if it is a single card, or 
the API expander can be used to allow the API controller to be placed in an expansion chassis. 
The API expander board provides buffered control and data lines to external chassis at the same 
logic levels that exist at the APP. 

The details of the logic and electronic circuits of the Auxiliary Processor Port are specified in the 
Auxiliary Processor Port Specification, TI part no. 960683-9901. 

5.2 INSTRUCTIONS 

An auxiliary processor in the Model 980A Computer is activated by the Auxiliary Processor 
Initiate (API) instruction. This is a two word instruction with the following message format. 



1 2 34 567 8 910 1112 13 14 15 



— T 
1 


1 

1 





1110 1 


1 1 t"""l 1 1 J 

COMMAND CODE* 









15 


— 1 — 1 — 1 — 1 — r r 1 1 1 1 1 1 1 ' ' 

LIST OR DATA ADDRESS^" 



*THE FORMAT OF THESE BITS IS „„^^ 
DETERMINED BY THE EXTERNAL. DEVICE. 

The first instruction word contains the operational code for the API instruction in bits through 
7 and the command code in bits 8 through 15. The second word contains the list or data address 
which may define the starting address for a list to define processor parameters or other data for 
the auxiliary processor. 

API is not a privileged instruction. However, the Privileged Instruction Feature (PIF) trap occurs 
immediately if an auxiliary processor attempts to use protected memory when the PIF is 
enabled. 

5.3 THEORY OF OPERATION 

The APP is controlled by the CPU and is only active during the execution of an API instruction. 
The CPU applies a strnb.; (ENAPI1-) to the APP when the first API instruction word is available 
on the memory diita output lines. A second strobe (ENAP12-) is applied when the second 
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instruction word is present. The API strobes occur at approximately 1.0 microsecond intervals. If 
the external controller that is being addressed by the API instruction is available to the APP the 
controller must provide an aclcnowledge (DEVTHERE) to the APP before the second API strobe 
occurs. The Central Processing Unit (CPU) then enters a wait state and allows the APP to access 
memory as desired. If an external controller does not accept the API instruction, the CPU 
executes an illegal operation code trap to location 2. 

The CPU will exit the wait state for an acknowledged API instruction when one of the following 
three conditions exist. The first exit occurs when the external controller has completed a normal 
operation and has produced an API Operation Complete (APOPCOMP) signal. This signal allows 
the CPU to continue to the next sequential instruction. The second type of exit occurs when the 
CPU receives an interrupt of any type. When the CPU receives an interrupt, the APP notifies; the 
external controller that an interrupt has occurred. The external controller can then abort the 
operation, store any intermediate results, and release the port to allow the CPU to process the 
interrupt. The time available for the API device to complete the process before releasing the APP 
is determined by the system configuration. After the interrupt is processed, the CPU executes 
the API instruction that was in progress when the interrupt occurred which allows the external 
controller to continue the operation and exit normally if no other interrupts occur. The third 
API abort condition occurs if the external API device attempts to address protected memory 
when the PIF is enabled. When this occurs, the CPU executes an immediate PIF trap and aborts 
the API operation. The APP also enables the address violation line to the external controller, 
which normally resets and waits for further API instructions. 

The APP has access to three status register bits. Control lines are provided by the APP to allow 
status register bits as listed in table 5-1 to be set or reset. 

5.3.1 SIGNALS. The APP output and input signals to the Model 980 arithmetic unit are Hsted 
in table 5-2 and table 5-3, respectively. All signals are standard TTL levels. All memory output 
data, memory output control lines, system clocks, and master resets should be loaded with only 
one TTL load. Input lines to the CPU from the APP should be driven by gates that can drive 
four TTL levels. All other output lines from the CPU to the APP can be loaded with four or less 
TTL loads. 

A dash ( -) at the end of a signature indicates a negative logic signal; i.e., a low output voltage 
state (0) is considered the active state and the inactive state is the high voltage state (1). 

5.3.2 TIMING. The timing diagrams of the APP signals are illustrated in figures 5-1 and 5-2. The 
timing relationships that are illustrated in these figures apply to the signals at the APP back 
panel connector in the Model 980 CPU chassis. These figures are shown as mimimum or 
maximum limits. 

Table 5-1. Status Register Bit Functions 

Bit Function 

0-1 Compare Indicators. Indicates result of last 

compare operation as follows: 

00-less than 
01— equal to 
lO-greater than 
1 1— not allowed 

2 Overtlow Indicator— Indicates overflow 
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Signature 



INTABORT- 



APOPCOMP- 



APICYCRQ- 



APISTORE- 



APIMAINC- 



APIMALD- 



APISTO- 



APISTl- 



Pin 



APIO- 


6 


APIl- 


7 


API2- 


19 


API3- 


41 


API4- 


42 


API5- 


50 


API6- 


51 


API7- 


53 


API8- 


55 


API9- 


59 


APIIO- 


61 


APIll- 


62 


API12- 


66 


API13- 


67 


APIH- 


69 


API15- 


71 


DEVTHERE- 


73 



74 



63 



64 



38 



39 



29 



21 



23 



Table 5-2. Auxiliary Processor Port Output Signals to CPU 

Description 



API MEMORY INPUT DATA. Sixteen negative logic output lines which provide 
memory address and memory data to the Model 980 arithmetic unit. 



DEVICE THERE. A negative logic output line that indicates to the CPU that an 
addressed API device can accept instructions. This signal must be given by the APP 
controller to the CPU before the second API strobe occurs to prevent the CPU from 
executing an illegal operational code trap to memory location 2. 

INTERRUPT ABORT. A negative logic signal that indicates to the CPU that the 
API device will allow the CPU to disable the APP, process interrupt(s), and re- 
execute the API instruction that was in progress. 

AUXILIARY PROCESSOR OPERATION COMPLETE. A negative logic signal 
which indicates that the API device has completed its operation. The CPU will then 
continue to execute subsequent instructions. 

AUXILIARY PROCESSOR CYCLE REQUEST. A negative logic signal that requests 
a memory cycle from the memory controller. This signal should stay at a logic 
until Cycle Complete (CPUCC— ) occurs for the- requested memory cycle. 

AUXILIARY PROCESSOR STORE. A negative logic signal that indicates whether 
the requested memory cycle is a store (write) or fetch (read) cycle. A logic on 
this line indicates a store cycle. Do not change this signal during a memory cycle 
until Cycle Complete occurs. 

AUXILIARY PROCESSOR MEMORY ADDRESS INCREMENT. A negative logic 
signal that will cause the memory controller to increment the present memory 
address. 

AUXILIARY PROCESSOR MEMORY ADDRESS LOAD. A negative logic signal 
that cause the data word on the memory input lines [API (0-15)-] to be loaded 
into the memory address register. 

API STATUS BIT 0. A negative logic signal which can be used to set or reset 
status register bit in the CPU. When this line is at a low level, status register bit 
is set to a 1 when the status register clock for bits and 1 is enabled by 
APIS01CK-. 

API STATUS BIT 1 . A negative logic signal which can be used to set or reset 
status register bit 1 in the CPU. When this line is at a low level, status register bit 1 
is set to a 1 when the status register clock for bits and 1 is enabled by 
APIS01CK-. 
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Signature 
APIST2- 

APISOICK- 

APIS2CK- 

POFF- 



Table 5-2. Auxiliary Processor Port Output Signals to CPU (Continued) 
Pin Description 



25 



75 



72 



28 



MRESET- 



APl STATUS BIT 2. A negative logic signal which can be used to set or reset 
status register bit 2. When this line is at a low level, status register bit 2 is set to a 
1 when the status register clock for bit 2 is enabled by APIS2CK— . 

API STATUS BITS 0, 1 CLOCK. A negative logic signal that enables the CPU clock 
to status register bits and 1 . 

API STATUS BIT 2 CLOCK. A negative logic signal that enables the CPU clock to 
status register bit 2. 

EXTERNAL CHASSIS POWER OFF. A negative logic signal to the CPU which can 
be used to set status register bit 15 and cause the CPU to execute an internal trap 
if power fails at the external chassis where the APP controller is located. This line 
should be driven by an open-collector gate since it is also available to other chassis. 
This line should be used in conjunction with MRESET- and should go high at least 
50 microseconds before MRESET- occurs. 

EXTERNAL MASTER RESET. A negative logic signal to the CPU which causes the 
CPU to reset. During operation, a relay is normally available in the external power 
supply chassis that can be connected to this line when desired. This line should 
only be driven by relay or transistor which can sink 50 milliamperes. This line 
should only be active 50 microseconds after POFF- occurs. Activation of this line 
can cause memory errors if this sequence does not occur. 
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Table 5-3. Auxiliary Processor Port Input Signals from CPU 



Signature 


Pin 


RESET- 


31 


SYSCLK- 


35 



GCLK- 



33 



CPUCC- 


10 


ENAPIl- 


49 


ENAPI2- 


37 


INTM 


12 



Description 

MASTER RESET. A negative logic signal from the front panel RESET switch that 
is used to initialize the API device. During power up the power supply also causes 
this signal to go low. 

SYSTEM CLOCK. A negative logic signal that is the free running system clock 
from the memory controller. Clock frequency is 4 megahertz with a 33.3 percent 
duty cycle (167 nanoseconds at logic 1, and 83 nanoseconds at logic 0). 

GATED SYSTEM CLOCK. A negative logic signal identical to free-running SYSTEM 
CLOCK (SYSCLK-), except that during a memory cycle, pulses after the clock 
edge that initiates the memory cycle are inhibited. Clock pulses resume with the 
Cycle Complete (CPUCC-) signal from memory. 

CYCLE COMPLETE. A negative logic signal that indicates a memory cycle has been 
completed. 

AUXILIARY PROCESSOR INITIATE STROBE 1. A negative logic signal that 
indicates API word 1 is stable on the memory output lines. 

AUXILIARY PROCESSOR INITIATE STROBE 2. A negative logic signal that 
indicates API word 2 is stable on the memory output lines. 

INTERRUPT. A positive logic signal that indicates the CPU has received an interrupt. 
At this time, API device should finish processing as soon as possible to allow the 
CPU to process the interrupt. 



MEMO 


20 


MEMl 


18 


MEM2 


16 


MEM3 


14 


MEM4 


26 


MEMS 


22 


MEM6 


24 


MEM7 


15 


MEMS 


58 


MEM9 


17 


MEM 10 


54 


MEMll 


60 


MEMl 2 


45 


MEM 13 


56 


MEM 14 


40 


MEM 15 


47 


ENAPI 


13 



ADRV- 



GROUND 


1 


GROUND 


2 


GROUND 


79 


GROUND 


80 


VCC 


78 


VCC 


77 



MEMORY OUTPUT DATA. Sixteen positive logic data lines which provide 
memory output data. 



ENABLE API. A positive logic signal that indicates the CPU is in the API state. 
This line can be used to gate cycle complete and other memory control signals. 

ADDRESS VIOLATION. A negative logic signal from memory controller indicating 
protected memory has been addressed while PIF is enabled. On next system clock, 
CPU will leave API instruction state and execute PIF trap. 

CPU ground 



CPU +5-volt supply 
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SYSTEM 
CLOCK- 

(SYSCLK-) 



API 

STROBE I- 
(ENAPI2-) 



MEMORY 

READ DATA 

rMEM(O-IS)) 



DEVICE 

THERE- 

(DEVTHERE-) 



1-r 



im— 2S0 NSEC -»| 



J iM H 83 



I r 



145 MSEC 
MIN. 



100 NSEC MAX. 



167 NSEC 
MIN . 



h- 



im SEE NOTE 3 

14S NSEC M 

—•J M — 100 n" 



API WORD I 



167 NSEC 
MIN. 

220 NSEC 
MAX, 



API WORD 2 



h- 



■ 90 NSEC MIN, 



I . INTABORT OR APOCOMP SIGNALS ARE ONE CLOCKTIME SIGNALS WHICH CAN OCCUR AT ANY CLOCK AFTER 
API2 STROBE. THEY WILL CAUSE THE CPU TO INHIBIT THE AP PORT AND TAKE APPROPRIATE ACTION. 

2. SEE FIGURE S- 1 FOR MEMORY TIMING. 

3, CAN BE DELAYED 7 50 NSEC DUE TO MEMORY REFRESH WHICH OCCURS AT 31 )iSEC INTERVALS, 



(A) 13 2046 



Figure 5-2. Auxiliary Processor Port Control Timing 
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SECTION VI 
I/O BUS DEVICES 

6.1 GENERAL 

The following paragraphs describe the standard I/O bus modules used with a 980 computer system. 
Each description provides a brief summary of electrical and physical characteristics including the 
pin assignments for the external connector. This information is not sufficient for designing a 
hardware interface or device handler software routine. The paragraphs in this section provide 
references for additional sources of specifications. The modules discussed are as follows: 

I/O Data Module 

Vectored Interrupt Module 

Communications Module 

Full Duplex Synchronous Communication Module 

±15-Volt Regulator Module 

Card Reader Controller 

Paper Tape Punch Interface Module 

Paper Tape Reader Interface Module 

Interval Timer 

Typical environmental and reliability performance specifications for I/O bus modules are presented 
in table 6-1 . When the environmental specifications are different, they are detailed in the paragraph 
which discusses the individual module. 

6.2 I/O DATA MODULE 

The I/O Data Module, TI part no. 961648-0001 through 961648-0005, provides the 980 computer 
with a 1 6-bit parallel, general purpose, DTL/TTL-compatible interface. The available configurations 
are detailed in table 6-2. In addition co the 16 input and 16 output lines, the interface may cause an 
I/O bus interrupt and supplies the external device with request and acknowledge signals. 

Programming and interface requirement information is described in the Model 980 Computer 
Input/Output Data Module User's Manual, TI part no. 965956-9701. The external interface 
connector, top edge, is shown in table 6-3. The characteristics of the I/O data module are shown in 
table 6-4. 

Table 6-1. Typical Environmental Specifications for I/O Bus Module Circuit Cards 

Characteristic Specification 

Environmental 

Temperature ^ ^ 

Operating to 70 C ^ 

Storage -65 to 150 C 

Humidity 

Operating 10% to 85% relative 

Storage to 90% relative 

Operating Barometric Pressure 25 to 32 in. Hg 
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Table 6-2. I/O Data Module Configurations 



961648 
Assembly 
ash Number 


Interrupt Option 
Selected 


Input Circuit 

Impedance 

(Ohms) 


Pullup 

Resistor Source 

Voltage** 


Pullup 

Resistor 

Value (Ohms) 


-0001 


No 


510 


None 


1000 


-0002 


No 


100 


None 


1000 


-0003 


No 


100 


Internal 
(5 volts) 


1000 



-0004 



-0005 



Yes 



No 



100 



100 



None 



None 



1000 



1000 



Remarks 



Signal on input line 
is inverted and 
jumpered to the top 
edge connector pin 
normally assigned to 
VCC EXT (R-) 

Interrupt occurs on 
positive to negative 
transition of INO. 



**User must select source when none is specified. 



Signal 

INOO 

INOl 

IN02 

IN03 

IN04 

IN05 

IN06 

IN07 

IN08 

IN09 

INIO 

INll 

IN12 

IN13 

INI 4 

INI 5 

OUTOO- 

OUTOl- 

OUT02- 

OUT03- 

OUT04- 



Table 6-3. Input/Output Data Module Signals and Connector Pin Assignments 
Top Edge Connector Pin Signal Top Edge Connector Pin 



3 


OUT05- 


26 


4 


OUT06- 


35 


2 


OUT07- 


36 


1 


OUT08- 


29 


7 


OUT09- 


27 


10 


OUTIO- 


19 


6 


OUTll- 


20 


5 


0UT12- 


31 


15 


0UT13- 


32 


17 


0UT14- 


28 


14 


0UT15- 


30 


11 


OREADY- 


33 


12 


OACK- 


16 


8 


IREADY- 


13 


9 


lACK- 


34 


18 


+5 VOLTS 


N- 


25 


VCCEXT 


R- 


24 


MASTER RESET- 


L- 


21 


OUTPUT REG CLEAR- 


K- 


23 


GRD 


A through J 
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Table 6-4. I/O Data Module 
Characteristic 



Electrical 
Input Lines 

Output Lines 

Interrupts 
Optional Features 



Electrical Power Requirement 

Environmental Specifications 

Temperature 

Operating 

Storage 

Humidity 

Operating 

Storage 

Operating Barometric 
Pressure 



Characteristics and Specifications 

Description or Speciflcation 



16 data lines 
2 control lines 

16 data lines 
2 control lines 

I/O bus interrupts (input and output) 

Input receiver impedance 

Output transmitter source voltage 

Interrupt option (external input) 

Module address 

Output register reset 

+5 Vdc supplied to device 

+5 volts dc at 1 .4 A 



0° to 70°C 
-40°tol00''C 

10% to 85% relative, noncondensing 
5% to 95% relative, noncondensing 
25 to 32 in. Hg 



6.3 VECTORED INTERRUPT MODULE 

The priority vector interrupt option is implemented with an expandable set of vectored interrupt 
modues. Each module (TI part no. 973300-0001) provides eight interrupt lines. Up to four 
modules may be used together to provide a maximum of 32 vectored interrupt lines Each 
mterrupt hne has two dedicated memory locations associated with it. A vectored interrupt signal 
causes a CPU mterrupt on priority level 2, and when processed, the interrupt causes the CPU to 
branch to the trap addresses associated with the interrupt line. 

The programming and interface requirement information for this module are described in the 
Specification-980 Vectored Interrupt Module, TI part no. 973301-0001. 

The external interface connector pin assignments are described in table 6-5. 

A summary of module characteristics is presented in table 6-6. 

6.4 COMMUNICATIONS MODULE 

The Communications Module, TI part no. 966637-0001, supplies a serial interface for the 980 
computer. Specifically, the unit provides an RS232C compatible interface for Bell data sets 
Models 103 A or F, or equivalent, and Models 202C or D, or equivalent. It provides an optically 
isolated current loop interface for use with Teletype or equivalent terminals. Also, a differential 
hne dnver/receiver interface is supplied. This module requires ±15 Vdc power 
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Table 6-5. Vectored Interrapt Module Signals and External Connector Pin Assignments 
Connector Pin Signal Name Explanation 



P2-10 


INTRQO- \ 




P2-9 


INTRQ 1- ] 




P2-8 


INTRQ2- / 


Interrupt Input 


P2-7 


INTRQ 3- I 




P2-B 


INTRQ 4- / 




P2-2 


INTRQ 5- \ 




P2-3 


INTRQ 6- I 




P2-C 


INTRQ 7- / 




P2-13 


INTRQ- 


Signal EXPINT 


P2-15 


BUSYO 




P2-17 


BUSYO 




P2-19 


BUSYO 


Busy Lines 


P2-16 


BUSY I 




P2-5 


BUSY ( 




P2-E 


BUSYO \ 




P2-D 


BUSYO 




P2-4 


BUSY 7 / 





buffered 



Table 6-6. Vectored Interrupt Module Characteristics 
and Speciflcations 



Characteristic 

Interrupts 

Electrical Power Requirement 
Environmental Specifications 



Description or Specification 

8 lines, expandable by adding modules 
to 32 lines. Interrupts CPU on priority 
level 2. 

+5 volts dc at 850 mA 

(See table 6-1) 



Programming and interface requirements are supplied in the Model 980 Computer Communica- 
tions Module User's Manual. TI part no. 966643-9701. The external interface connector is shown 
in figure 6-1. The characteristics of the I/O Module are summarized in table 6-7. 

6.5 FULL DUPLEX SYNCHRONOUS COMMUNICATION MODULE 

The Synchronous Communication Module (TI part no. 966538-0001) completes the interface 
between the Model 980 Computer and a Bell or Bell-compatible synchronous modem. This 
module is on a wire-wrap board. Data rate is determined by the type of modem used. All 
modems must be internally clocked. The module may be installed in any one-inch I/O slot. The 
module requires that ±15 Vdc power be furnished. 

The external edge connector pin assignments are described in table 6-8. The programming and 
interface requirements are described in detail in the Model 980 Computer Full Duplex 
Synchronous Communication Module User's Manual, Manual No. 943006-9701. The 
characteristics are summarized in table 6-9. 
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Figure 6-1. Communications Module Interface Connector Pins 



6.6 REGULATOR MODULE, ±15 VOLT 

The ±I5-volt regulator module (TI part no. 226855-0001) must be used to supply two of the 
voltages required by the Communications Module and the Full Duplex Synchronous 
Communication Module when these modules are used in the internal CRU expansion. The 
module obtains power from the 35-voh ac pins of the internal expansion I/O port labeled REG. 
Up to 360 milliamperes of each voltage is suppHed, which is adequate to power a number of 
modules, depending on the individual module options. Requirements for more current may be 
satisfied by attaching external supplies to the wiring of the CRU back panel. The regulator plugs 
into the internal expansion slot labeled REG. 
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Table 6-7. Communications Module Characteristics and 
Specifications 



Characteristic 
Data Interface 

Data Transfer Rate 

Parity 

Electrical Power Requirements 
(maximum) 

Without Current Loop 



With 20 mA loop Using 
±15-volt dc Module 

With 60 mA loop Using 
±15-volt dc module 

Environmental 

Temperature 

Operational 
Storage 

Humidity 

Operational 
Storage 

Operational Barometric 
Pressure 



Description or Specification 

Serial; selectable to EIA RS232, optically 
coupled isolation current loop, or differential 
line driver/receiver 

Selectable to 75, 110, 150, 300, 1200, 
2400, 4800 or 9600 baud 

Selectable: odd, even or none 



+5 ±0.25 volts dc at 1.0 A 


-15 ±0.5 volts dc at 0.052 A 


+ 15 ±1.0 volts dc at 0.044 A 


+5 ±0.25 volts dc at 1.0 A 


-15 ±0.5 volts dc at 0.072 A 


+ 15 ±1.0 volts dc at 0.064 A 


+5 ±0.25 volts dc at 1 .0 A 


-15 ±0.5 volts dc at 0.112 A 


+ 15 ±1.0 volts dc at 0.104 A 



0° to 70°C 
-40° to 100°C 

to 95% relative, noncondensing 
to 95% relative, noncondensing 

25 to 32 in. Hg 



Normally there are no external connections to the module. The module supplies ±15 volts to 
existing I/O back panel wiring. The ±15 volts may be obtained from the top edge connector of 
the module as Usted in table 6-10. 

Specifications for the regulator module are listed in table 6-1 1 . 

6.7 CARD READER CONTROLLER 

The Card Reader controller module (TI part no. 217556-0001) provides the interface between 
the 980 computer and a card reader peripheral device. This is the universal interface for several 
models of card readers. 
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Table 6-8. Synchronous Communication Module Top Edge Connector Pin Assignments 



Pin 


Name 


Levels 


3 


PLUS 15V 


— 


4 


MINUS15V 


- 


5 


XSK- 


TIL 


6 


DCTB- 


TTL 


7 


RCVDTRU 


TIL 


8 


RCVDTRU- 


TTL 


9 


XMTDTRU 


TTL 


10 


XMTDTRU- 


TTL 


11 


PENB 


TTL 


12 


PODD 


TTL 


13 


HDENB 


TTL 


21 


NEWSYNC 


EIA 


22 


CTSE 


EIA 


23 


DCT 


EIA 


24 


RINGE 


EIA 


25 


DTRE 


EIA 


26 


SCR 


EIA 


27 


XMTDE 


EIA 


28 


RTSE 


EIA 


29 


RCVDE 


EIA 


30 


DCDE 


EIA 


31 


DSRE 


EIA 


32 


SCT 


EIA 


A^;^jp 


GROUND 


- 


R,S,T,U, 






v,w 






c 


CPUP15V 


- 


D 


CPUM15V 


- 


E,F 


RTSCLK- 


TTL 


H,J 


RCVD 


TTL 


K,L 


XMTD 


TTL 



Description 

Input for +15 volts dc 

Input for -15 volts do 

Serial clock output for line synchronization 

Dibit clock output for line synchronization 

True output of received data 

False output of received data 

True output of transmitted data 

False output of transmitted data 

Parity enable 

Parity select 
Hafl duplex enable 
New sync output line to modem 
Clear to send input line from modem 
Dibit clock transmit line from modem 
Ring mdicator line from modem 
Data terminal ready line to modem 
Serial clock receive line from modem 
Transmitted data line to modem 
Request to send line to modem 
Received data line from modem 
Data carrier detect line from modem 
Data set ready line from modem 
Serial clock transmit line from modem 
System ground 



Internally supplied +15 volts dc 
Internally supplied -15 volts dc 
line synchronization clock input 
Received data input 
Transmitted data input 
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Table 6-9. Synchronous Communication Module Characteristics and Specifications 
Characteristic 



Data Interface 

Data Transfer Rate 

Parity 

±15 Vdc Voltage Supply 

Electrical Power Requirements 



Environmental Specifications 



Description or Specification 

Serial for synchronous modem 

Determined by modem-provided clock 

Selectable: odd, even or none 

Supplied externally or internally 

+5 volts do at 1.6 A nominal, 2.5 A maximum 

+15 volts dc at 0.040 A nominal, 0.088 A 
maximum 

-15 volts dc at 0.036 A nominal, 0.080 A 
maximum 

(See table 6-1) 



Table 6-10. ±15-Volt Regulator Signals and Connector Pin Assignments 
Signal pj„^ 



+15 V 

GND 

-15V 



20,21,X,Y 

18, 19,36, 1,A,V,W, R 

16, 17,T,U 



Characteristic 

Inputs 
Output 



Table 6-11. ±15-VoIt Regulator Module Specifications 

Specificarion 

35 volts ac at 1 A from CPU power supply 

±15 volts dc at 360 mA ±0.2% total line and load 
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The sianals orovided on the top edge external connector are shown in table 6-12. The interface 
l^^JZttrZviZr^rninsl^^^^^^ are specified in the Model 980 Computer Card Reader 
User's Manual, 966317-9701. The module characteristics are summarized m table 6-1 i. 

A « PAPFR TAPE PUNCH INTERFACE MODULE 

The pfpefTipe Punch Interface Module (TI part no. 217564-0001) permits transfer of data 
from the 980 computer to paper tape through the I/O bus. 

The interface and programming requirements are described in the Model 980 Computer Paper 
lave Zncr User's Z^ part no. 965944-9701. The external interface connector pin 

aSgnments a^e shown in 'table '-14. The characteristics of the module are summanzed m 
table 6-15. 



Table 6-12. Card Reader Controller Signals and Card Reader Connector Pin Locations 



Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 





To/From 




Signal Line 


Controller 


Pin 


Spares 




A 
B 
C 
D 


Ground 1 : Data Rows 




E 


Ground 2: Data Rows 




F 


Data Row 9 (DR9) 


To 


H 


Data Row 4 (DR4) 


To 


J 


Data Row 8 (DR8) 


To 


K 


Data Row 2 (DR2) 


To 


L 


Data Row 1 (DRl) 


To 


M 


Data Row 10 (DRIO) 


To 


N 


DataRowll(DRll) 


To 


P 


Cycle Complete (CYC?) 


To 


R 


Column Index (COLX) 


To 


S 


Feed Error (FDER) 


To 


T 


Power Disable (PWRD) 


To 


U 


Stop Command (STOPC) 


From 


V 


Reject Command (REJ) 


From 


W 


Start Command (STRTC) 


From 


X 


Power On (PWRN) 


To 


Y 
Z 

a 


Do not connect to these pins. 


b 
c 
d 

6 






f 
h 



Signal Line 



Spares 



Data Row 6 (DR6) 
Data Row 5 (DR5) 
Data Row 3 (DR3) 
Data Row 12 (DRl 2) 
Data Row 7 (DR7) 
Ground 3:Column Index 
Ground 4:Common 
Grounds: Common 
Feed Command (FEED) 
Reader Ready (RDY) 
Card Presence (CP) 
Data Presence (DP) 
Data Error (DAER) 
Stacker Full (STF) 
Hopper Empty (HOE) 
Feed & Ready Invert (FRINV) 



Do not connect to these pins. 



To/From 
Controller 



To 
To 
To 
To 
To 



From 

To 

To 

To 

To 

To 

To 

To 
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Table 6-13. Card Reader Controller Characteristics and Specifications 



Characteristic 

Data Interface 

Electrical Power Requirement 

Environmental Specifications 

Temperature 

Operating 
Storage 

Humidity 

Operating 
Storage 

Operating Barometric Pressure 



Description or Specification 
Parallel ; DTL/TTL compatible 
+5 volts dc ±2% at 0.31 A 



0° to 50°C 
-40° to 100°C 



10% to 85% relative, noncondensing 
10% to 85% relative, noncondensing 

25 to 32 in. Hg 



Table 6-14. Paper Tape Punch Interface Module Signals 



Comment 



PTP Interface 
Connector Pin 



P2-L 
P2-F 
P2-B 
P2-X 
P2-T 
P2-N 
P2-J 
P2-D 
TWPR Common 

No Connection 
P2-32 
P2-13 
Not Used on 980 P2-5 

P2-17 



Signal 

TRACK 1 
TRACK 2 
TRACK 3 
TRACK 4 
TRACK 5 
TRACK 6 
TRACK 7 
TRACK 8 
SIGNAL GROUND 
DIRECTION 
PUNCH COMMAND 
PUNCH READY- 
SYSTEM READY- 



1075/3075 
PTP Unit 

Pl-1 
PI -2 
PI -3 
PI -4 
Pl-5 
Pl-6 
PI -7 
PI -8 
PI -25 
Pl-10 
Pl-11 
Pl-12 

Pl-13 
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Table 6- IS. Paper Tape Punch Interface Module Characteristics and Specifications 
Characteristic Description or Specification 

Data Interface TTL compatible 

Electrical Power Requirement +5 volts dc at 60 mA 

Environmental Specifications (See table 6-1) 



6.9 PAPER TAPE READER INTERFACE MODULE 

The Paper Tape Reader Interface Module (TI part no. 217570-0001) provides the I/O bus 
interface between the 980 computer and a paper tape reader peripheral device. Several similar 
paper tape reader models may be controlled with this interface. 

The programming considerations and interface requirements for this controller are described in 
the reference manual, Model 980 Computer Paper Tape Reader User's Manual, TI part no. 
965945-9701. External interface pin assignments are listed in table 6-16. The characteristics are 
summarized in table 6-17. 

6.10 INTERVAL TIMER 

The Interval Timer module (TI part no. 966580-0001) is an I/O bus device used to determine 
real-time intervals of from 10 microseconds to 40.96 seconds. These intervals are selectable in 
resolutions of 10 microseconds, 100 microseconds, 1 millisecond or 10 milliseconds. The 
programming considerations are described in the Operation and Maintenance Instructions for 
Model 980 Interval Timer, TI part no. 943001-9701. The characteristics of the module are 
described in table 6-18. (No external interface is provided.) 

Table 6-16. Paper Tape Reader Interface Module Signals and Connector Pin Assignments 



Comment 



TWPR Common 



PTR 

Interface 

Connector Pin 

(PCB Top Edge) 

P2-M 

P2-H 

P2-C 

P2-Y 

P2-U 

P2-P 

P2-K 

P2-E 

P2-F 
P2-L 

P2-5 
(None) 



Signal 

TRACK 1- 

TRACK 2- 

TRACK 3- 

TRACK 4- 

TRACK 5- 

TRACK 6- 

TRACK 7- 

TRACK 8- 
SIGNAL GROUND 
STEP- (VCC) 

DRIVE- 
SPROCKET- 

HIGH SPEED- 

(Grounded at card reader) 
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Table 6-17. Paper Tape Reader Interface Module 
Characteristics and Specifications 

Characteristic Specification 

Data Interface For the following paper tape readers; 

Models 305, 3075, 6300 and 6375. 
Electrical Power Requirements +5 volts do at 0.64A 

Environmental Specifications (See table 6-1) 

Table 6-18. Interval Timer Characteristics and Specifications 

Characteristic Description or Specification 

Oscillator Crystal-controlled 

Selectable time intervals 10 jusec, 100 jusec, J msec, or 

10 msec 
Electrical Power Requirement +5 ± 0.0 1 volts dc at 1 .33 A 

Environmental Specifications (See table 6-1) 
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ALPHABETICAL INDEX 
INTRODUCTION 

The following index lists key words and concepts from the subject material of the manual 
together with the area(s) in the manual that supply major coverage of the listed concept The 
numbers along the right side of the listing reference the following manual areas: 

Sections - References to Sections of the manual appear as "Section x" with the symbol 
X representing any numeric quantity. 

Appendixes - References to Appendixes of the manual appear as "Appendix y" with the 
symbol y representing any capital letter. 

Paragraphs - References to paragraphs of the manual appear as a series of alphanumeric 
or numeric characters punctuated with decimal points. Only the first character of the 
stnng may be a letter; all subsequent characters are numbers. The first character refers 
to the section or appendix of the manual in which the paragraph is found. 

Tables - References to tables in the manual are represented by the capital letter T 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the table). The second character is followed by a 
dash (-) and a number: 

Tx-yy 

Figures - References to figures in the manual are represented by the capital letter F 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the figure). The second character is followed by a 
dash (-) and a number: 

Fx-yy 

Other entries in the Index - References to other entries in the index are preceded by 
the word "See" followed by the referenced entry. 
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Address Mode Field (A) 3.3.1.4 

Arithmetic Control Unit 4.2 

Auxiliary Processor Initiate (API) . . . . 5.1,5.2 
Auxiliary Processor Port (APP) .... Section V 

Control Timing F5-2 

CPU Input Signals T5-3 

CPU Output Signals T5-2 

Memory Timing F5-1 

Signals 5.3.1 

Timing 5.3.2 

Bit Functions, Status Register T5-1 

Bit Locations, Interrupt Tl-3, T14 

Block Diagram, I/O Channel Expander . . . .F44 

Buffering, Signal 1-5.1 

Bus Devices, I/O Section VI 

Bus Expansion 15.1 

Bus, Input Data 4.5.2 

Busy Bit 3.3.1.2 

Cable Part Numbers, CPU to I/O 

Bus Expander Tl-2 

Cards and Cable, I/O Expander Fl-5 

Card I/O Interface 1.6.1,F2-1 

Card Ports, Printed Circuit Fl-3 

Card Reader Controller 6.7 

Characteristics I/O Bus Tl-7 

Clock Signal 4.5.4 

Communications Module 6.4 

Specifications T6-7 

Conununications Module, Synchronous . . . .6.5 

Specifications T6-9 

Pin Assignments, Top Edge ....... .T6-8 

Configurations, I/O Bus 1-2 

Basic 1-2 

Internal Expansion 1-2 

External Expansion 1-2 

Configuration, I/O Bus Physical 

Characteristics •1-4 

Configuration, I/O Data Module .T6-2 

Controller, Card Reader 6.7 

Cormector Pin Locations T6-12 

Signals T6-12 

Specifications T6-13 

Connector Pin Assignments: 

Communication Module Interface F6-1 

Card Reader ControUer T6-12 

I/O Data Module 16-3 

I/O Port Fl-16 

Paper Tape Reader Module T6-16 

Synchronous Communication Module . . .T6-8 

Vectored Interrupt Module T6-5 

±15-Volt Regulator T6-10 

Control, Arithmetic Unit 4.2 

Control Signals and Logic 4.5.5 

Control Signals, GO, TERM, READY . . . 1.5.2 
Control Timing, Auxiliary 

Processor Port (APP) F5-2 

Data Transfer Cycles 1.3.4 

Data Transfer, I/O 1-3.2 

Decoding, Group 1-5.1 

Decrement (D) 3.3.1.5 



Expansion, Bus and Group 1-5 

Environmental Specifications, 

I/O Bus Module T6-1 

Expander 1 Card, I/O 1.5.2, 2.4, F2-2 

Expander 2 Card, I/O 1.6.2, 2.4, F2 -3 

Expander Chassis, External I/O 3.2 

Expansion, External 1.2, 2.1 

I/O Fl-9 

Ports 2.4 

Expansion Group 1-5-2 

Expansion, Internal 1.2,1.5.1.1,2.1 

Block Diagram .Fl-8 

Ports 2.3 

Expansion, Internal I/O Fl-6, Fl-7 

Expansion, Internal and External Fl-14 

Expansion, Interrupt 1.6,1.6.2 

Expansion, I/O 4.4 

Internal Fl-6, Fl-7 

Multilevel Fl-12 

Multiple 1.5.1.3, Fl-11 

Single External Fl-10 

Standard 2.1 

Two-Level Fl-13 

Expansion, Kit 1-5.1 

Expansion Ports, External 2.4 

Extemal Expansion 2.1 

External Register Assignments ....... 1 .7 

Extemal Register Function Tl-6 

Extemal Register Number 3.3.1.1 

Functional Diagram, I/O Bus F4-1 

Functional Diagram, Model 980 
Computer System Fl-1 

General Description Section I 

GO Control Signal 1.5.2,4.5.5 

Group Expansion 1-5-2 

Group Number Assignment, Standard .... 1 .7 

Increment (I) 3.3.1.6 

Input Data Bus 4.5.2 

Input Signals, APP from CPU T5-3 

Installation Section II 

Instructions 5.2 

Instruction Field Breakdown, 

WDS/RDS T3-1 

Instruction Format 1-3.3 

WDS/RDS F3-1 

Instructions: 

Read Direct Single (RDS) . . . . 1.3.2,1.3.3, 
1.3.4, 1.5.2,3.3, 3.3.1, 1.6.1,4.2 

Software 3.3 

Write Direct Single (WDS) .... 1.3.2,1.3.3, 
1.3.4, 1.5.2,3.3,3.3.2,4.2 
Interface Signals, Paper Tape 

Punch Module T6-14 

Internal Expansion .1.5.1.1 

Block Diagram Fl-8 

Interface Card, I/O 1.4, F2-I 

Interface Description 1 .3 

Interface Diagram, I/O Fl-2 

Interrupts, Computer Chassis 1.6.1 

Interrupt Expansion 1-6 
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Interface, I/O 4.3 

Interface Module, Paper Tape Punch 6.8 

Interface Module, Paper Tape Reader .... 6.9 
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Internal Expansion 2-1 

Internal Register Number (R) 3.3.1.3 

Interrupts 1.6 

Bit Locations Tl-3, Tl-4 
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I/O F1.4 

Interrupt Lines 4.5.3 

Interrupt ORing 1.5.1 

Interval Timer 6.10 

Specifications T6-18 

Introduction 1.1 

I/O Bus: 

Basic 1.2 

Characteristics Tl-7 

Devices Section VI 

Functional Diagram F4-1 

Specifications 1.8 

I/O Bus Module Environmental 

Specifications T6-1 

I/O Channel Expander Block Diagram . . . .F4-4 
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Configurations T6-2 
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Signals T6-3 

Specifications T64 
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I/O Expander 2 Card 1.6.2,2.4 

I/O Expander Cards and Cable Tl-5 

I/O Expander Signal Descriptions 

and Logic 4.5 

I/O Expansion: 

Internal Fl-6, Fl-7 

MultUevel Fl-12 

Multiple Fl-11 

Single External Fl-10 

Standard 2-1 

Two Level Fl-13 

I/O External Expansion Fl-9 

I/O Interface 4.3 

I/O Interface Card 1 .6.1 

I/O Port: 

Connector Pin Numbers Fl-16 

Standard 2.2 

I/O Signals 4.6 

I/O Signal Locations T44 

I/O, Single External Expansion Fl-10 

Jumper Schedule: 

I/O Expander 1 Card T4-2 

I/O Expander 2 Card T4-3 

I/O Interface Card T4-1 

Kit, Expansion 1.5.1,23 

Memory Timing, APP F5-1 

Output Data Bus 4.5.1 

Operating Instructions Section III 

ORing, Interrupt 1.5.1 



Output Signals, APP to CPU T5-2 

Paper Tape Punch Interface Module 6.8 

Signals T6-14 

Specifications T6-15 

Paper Tape Reader 6.9 

Connector Pin Assignments T6-16 

Signals T6-16 

Specifications T6-17 

Part Numbers, CPU to I/O Bus 

Expander Cable Tl-2 

Physical Description I/O Bus 1 .4 

Pin Numbers, I/O Port Connector Fl-16 

Ports, I/O 1.4 

Ports, External Expansion 2.4 

Ports, Internal Expansion 2.3 

Ports, Standard I/O 2.2 

Principles of Operation Section IV 

Reader, Paper Tape 6.9 

READY, Control Signal 1.5.2 

RDS Instruction Word Timing Diagram . . .F4-2 
Register: 

Assignments, External 1.7, Fl-15 

Function Details, External Tl-6 

Number, External 3.3.1.1 

Regulator, ±15-Volt 6.6 

Connector Pin Assignments T6-10 

Signals T6-10 

Specifications T6-11 

Related Documents Preface 

RESET Signal 4.5.5 
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j\pp 5.3.1 

Card Reader Controller T6-12 

Clock 4.5.4 

Control 4.5.5 

I/O 4.6 

I/O Data Module .T6-3 

Paper Tape Reader Module T6-16 

Vectored Interrupt Module .T6-5 

+15-Volt Regulator T6-10 

Signals, Data Control Status 1.3.1 

Signal, Buffering 1.5.1 

Signal Descriptions and Logic, 

I/O Expander 4.5 

Signal Locations, I/O T4-4 

Signal, GO 4.5.5 

Signal, RESET 4.5.5 

Signal, TERM 4.5.5 

Software Instructions 3.3 

Specifications: 

Card Reader Controller T6-13 

Communications Module T6-7 

I/O Bus 1.8 

I/O Data Module 6-4 

Interval Timer T6-18 

Paper Tape Punch Module T6-15 

Paper Tape Reader Module T6-17 
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Vectored Interrupt Module T6-6 
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Standard Group Number Assignment .... 1 .7 

Standard I/O Ports 2.2 

Status Register Bit Functions T5-1 

TERM Control Signal 1.5.2 

TERM Signal 4.5.5 

Theory of Operation 5.3 



Timing, APP 5.3.2 

Timing Diagram, RDS Instruction Word . . .F4-2 
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Vectored Interrupt Module 6.3 

Specifications T6-6 
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